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The toxicity of different rubbers and plastics used in transfusion-giving sets has been investigated by examining their effects on (a) cultures of chick embryo tissues, (b) the oxygen uptake of guinea-pig skin tissue cultures, and (c) the growth of Str. pyogenes.
The results of the laboratory tests have been compared with the incidence of thrombophlebitis after prolonged transfusions through the various materials.
It was found that where the materials inhibited the growth of Str. pyogenes they were also toxic to tissue cultures, but that some materials which were toxic to tissue cultures did not inhibit bacterial growth.
The assessments of the relative toxicity of the materials tested by the two tissue culture methods were in agreement. The skin respiration studies, however, gave more information on the early effects of the toxic materials. The relative toxicity of the materials as revealed by these tests could be correlated with the differences in the incidence of thrombophlebitis following intravenous infusions administered through giving-sets assembled with the materials tested.
It is suggested therefore that the toxicity revealed by these tests is of clinical importance, and that tissue culture toxicity tests will prove to be of value in selecting rubbers and plastics for clinical purposes.
It has been shown that the incidence of thrombophlebitis following prolonged intravenous infusions varies with the material of which the transfusion-giving set is made (Handfield-Jones and Lewis, 1952; Medical Research Council, 1957) . It is likely that this is due to differences in the liberation of toxic substances from the rubbers and plastics into the infusion fluid. It is therefore clearly desirable to devise a laboratory test by which the relative toxicity of these materials may be assessed. Such a test would have a wide application in medicine generally, as rubbers and plastics are frequently used in close contact with living tissues and for the storage of biological materials.
The suitability of plastics for use in surgery has been assessed by the implantation of samples in laboratory animals (Ingraham, Alexander, and Matson, 1947a, b) . While (1937) reported that rubber was spermicidal, and that rubbers from different sources showed great differences in this respect. Gunz (1948) found rubber to be toxic to cultures of human leukaemic cells, and Lajtha (1952) rubber used during 1956 to make up giving-sets at the North London, South London, Bristol, Birmingham, and Manchester blood transfusion centres. Itwas therefore the rubber with which the plastic was. compared at the centres in England which participated in the trial of plastic giving-sets (Medical Research Council, 1957) . The Medical Research Council's Blood Transfusion Research Committee kindly supplied data for the centres using this rubber, not directly obtainable from the published report.
The plastic giving-sett tested was that used in the "thrombophlebitis trial " (Medical Research Council, 1957) . A modified plastic giving-set based upon this design has recently been described by Jenkins, Stone, Knowles, Tovey, and Sharpe (1959) .
The plastic giving-set provided materials of three types: Polyvinyl Chloride of Two Different Compositions.. -(1) That used for the flexible tubing (referred to. below as the P.V.C. tubing), and (2) that used for the stiffer drip tube, drip chamber, and casing of the filter chamber (referred to below as the P.V.C. casing).
Nylon.-The nylon tested was that used in the filter. When it was unexpectedly found to be toxic (see below) the composition of the nylon was discussed with the manufacturer, who thought that there might be residual monomer in the material. The nylon was treated by the manufacturer to remove this substance; the treated material is referred to below as the monomer-free nylon.
Rubber.-The small piece of natural rubber tubing attached to the intravenous needle of the plastic giving-set (referred to below as rubber P.S.).
Tests were also made on silicone rubber D.S.R. 551,r the silicone rubber referred to as " colour code, yellow" by Wilkinson, Freeman, New, and Noad (1956) , who used it for blood transfusions lasting two to four hours, other grades of silicone rubber, and a sample of polytetrafluoroethylene (" fluon "). § Before testing, the rubbers 6107 and 6819 and the silicone rubber were cleaned by the routine process for transfusion tubing (Handfield-Jones and Lewis, 1952) ; the plastics and rubber P.S. were taken directly from sterile giving-sets as supplied by the manufacturer.
Methods
Chick Embryo Cultures.--Primary outgrowths on coverslip preparations as described by Pomerat (1951> for testing drugs were used to assess the toxicity of the materials. The method was similar to that used by MacDougall (1953) for testing the toxicity of silicone rubber. The cells used were fibroblasts derived from the cardiac ventricles, nerve cells from the spinal cord, and epithelial cells from the intestines of 9-10-day chick embryos. In addition, the mixed (Field, 1948 ) 60%, glucose, 0.2M 10%, streptomycin, 500 g./ml. 10%, fresh guinea-pig serum 20%. It will be noted that the amount of serum is less than that previously employed, as higher concentrations of serum have been found to mask minor toxic effects.
The materials were chopped into fine cubes of about 1 c.mm., sterilized by boiling, dried in hot air, and added to the medium, approximately 0.25 g. being immersed in 0.5 ml. of medium in both culture and control cups. In the case of the fine nylon filter which was examined, only about 0.05 g. could be immersed in 0.5 ml. of medium because of its greater bulk. In each experiment the respiration of three control amounts of skin was compared with the respiration of corresponding portions from the same animal in the presence of the test material.
At the end of the experiment the skin slices were fixed in 10% buffered formalin, sections prepared, and these stained with haematoxylin and eosin.
Bacterial Inhibition. Fig. 2 . Fig. 4 illustrates a somewhat different effect: growth has taken place only at the side of the explant furthest from the test material. This is recorded in Table If as " +away." In assessing intermediate degrees of inhibition the amount of growth in the test cultures was compared with that of the corresponding controls and recorded in a plus notation. This was considered preferable to the recording of growth rates in quarter diameters of the microscopic field as described by Pomerat (1951) , as several tissues with varying growth rates were used.
It is obvious from the results shown in Table II that rubber 6107, the P.V.C. casing, the nylon filter, and rubber P.S. were extremely toxic to these cultures and were indistinguishable in this test. Rubber 6819 caused less inhibition of growth, although most of this was away from the rubber. The P.V.C. tubing was less toxic to cultures of spleen than rubber 6819, but on the other tissues which grew more slowly its effect was either the same or slightly more toxic than rubber 6819. The silicone rubber and the monomer-free nylon filter caused no inhibition.
Physiological functions were of little value as an indication of toxicity, e.g., the heart might continue to pulsate for 24 hours although outgrowth had been completely inhibited. The examination of both living and stained cultures, however, showed that, where growth was less than in the corresponding control cultures, various cytological abnormalities such as poor staining reactions, diminished or absent mitoses, and varying numbers of cells with pyknotic nuclei were also present.
By other experiments, not included in Table II , it was shown that tissue from younger embryos was more sensitive to toxic influences than the corresponding tissue from older embryos. Attempts to increase the sensitivity of the tests by reducing the proportion of plasma in the medium were not successful, as sufficient reduction could not be made while maintaining the minimum amount of firmness necessary in the clot.
Repeated autoclaving appeared to reduce the toxicity of rubber 6819, although cells grown in immediate contact were still necrotic and those further away were excessively fatty and far from normal. The toxicity of rubber 6107 remained unchanged after many hours of autoclaving.
The other grades of silicone rubber and the "fluon " which were tested but not shown in Table II were not found to be toxic.
Skin Respiration.-The effects of the various materials on the respiration of guinea-pig ear skin are shown in Table Ill . Fig. 5 illustrates the relative depression of respiration in relation to time caused by the four principal types of tubing tested. This figure emphasizes the rapid action of the more toxic materials.
As in the chick embryo tissue cultures, rubber 6107 proved extremely toxic, its effect being manifest within two hours. Rubber 6819, the P.V.C. casing, and rubber P.S. did not significantly depress the skin respiration until the second two hours of observation. The nylon filter had no effect in four hours although causing total inhibition of respiration in 24 hours. The P.V.C. tubing significantly decreased respiration in four hours, but at 24 hours it had less effect than any of the other materials exhibiting toxicity. The silicone rubber and monomer-free nylon were without effect. The rapid effect of rubber 6107 suggested that the toxic substance might be freely diffusible, and so a further experiment was made to see if it could be removed. The chopped rubber was boiled in repeated changes of distilled water for eight hours: this treatment removed the toxicity. However, similar treatment of rubber 6819 only slightly reduced its toxicity. Sections prepared after 24 hours' culture showed that the skin remained normal only in the presence of the silicone rubber D.S.R. 551 and the monomer-free nylon filter. The P.V.C. tubing caused minor abnormalities such as occasional patches of necrosis, while the other materials caused severe histological damage.
Bacterial Inhibition.-The results of the tests by the method described in the British Standard 2463: 1954 and by the pour-plate technique were in agreement. The pour-plate technique was, however, found to be more sensitive, and the results were more easily photographed.
The effects of the rubbers in a pour-plate are shown in Fig. 6 . From rubber 6107 a substance inhibitory to the growth of bacteria has diffused outwards. Beyond the zone of unaltered blood agar the haemolysis is caused by the growth of Str. pyogenes; next to the rubber a translucent ring is produced by a haemolytic agent diffusing from the rubber; rubber P.S. is also inhibitory. Rubber 6819 and the silicone rubber are not inhibitory. In Fig. 7 the different effects of the P.V.C.s can be seen; the P.V.C. casing is inhibitory, the P.V.C. tubing is not inhibitory. The original nylon filter was found to be inhibitory, but the monomer-free nylon was not inhibitory.
As it had been found possible to remove the substances toxic to guinea-pig skin from rubber 6107, a further experiment was made to see if the bacterial inhibitory substance could also be removed. Transverse sections of tubing, 2 mm. thick, were boiled in half-hourly changes of distilled water for eight hours. The rings of rubber were removed after one, two, four, and eight hours' treatment. Their effect on bacterial growth can be seen in Fig. 8 . The inhibitory substance was gradually removed, but a trace was still present after four hours' boiling in eight changes of water. After eight hours' treatment the rubber was not inhibitory.
Discussion
As information is available concerning the incidence of thrombophlebitis following intravenous infusions given through the rubbers and 'and 6819. Rubber 6107 was found to be extremely toxic and rubber 6819 less toxic to all the chick embryo tissues and to guinea-pig skin, although, besides differences in the tissues, there were also differences in the culture media and the methods of observation. This assessment, therefore, agrees with the clinical findings, the respective incidence of thrombophlebitis when these rubbers were used being 66% and 46% for infusions lasting 13-48 hours. Both methods of testing also showed that the silicone rubber and the "monomer-free" nylon were not toxic, and that the small piece of rubber from the plastic set (rubber P.S.) was highly toxic.
The toxicity of the P.V.C. casing and the original nylon filter as assessed by their effects on the respiration of skin at 24 hours agreed with the results of chick embryo tests, and both in this assessment were as toxic as rubber 6107. However, the skin respiration tests gave additional information, as early effects could be observed which enabled distinctions to be made between the materials. The nylon filter had no effect in the first four hours, and the P.V.C. casing, though causing some depression of respiration, had much less effect than rubber 6107. On this basis they are both less toxic than rubber 6107. In comparison with rubber 6819, the P.V.C. casing is of the same order of toxicity, and the nylon filter is less toxic.
As tested on chick embryo cultures and on skin respiration the P.V.C. tubing was less toxic than any of the other materials used in the givingsets. Its advantage in this respect was most clearly demonstrated by the respiration tests, which showed it to be inferior only to the silicone rubber and monomer-free nylon filter.
It is impossible to be sure what contribution each component of the plastic giving-set makes to its potential total toxic effect in clinical use. It is likely that the relative surface areas exposed to the infusion fluid are of importance. It has been calculated that, of the total surface area in contact with the infusion fluid, the proportionate surface areas exposed are P.V.C. tubing 54%, P.V.C. casing 21 (Todd, 1951) and it has been shown by Horvitz, Sachar, and Elman (1943) Prolonged extraction in repeated changes of water removed the toxicity (and also the bacterial inhibitory substance) from rubber 6107, while repeated autoclaving had no effect on its toxicity. In contrast, the toxicity of rubber 6819 was only slightly reduced both by prolonged boiling and by autoclaving. It is doubtful whether this has any practical application for clinical purposes, but the effects of these treatments on the toxicity of tubing must obviously be taken into account in any comparative tests.
The effect of rubber 6107 on skin respiration suggested that the toxic substance was freely diffusible, and it is interesting to note that Barnes (1953) came to the same conclusion from observing its effects after subcutaneous implantation in the rat. He found that it invariably produced an acute inflammatory reaction with oedema and round cell infiltration, which subsided after 14 days. Samples left in place for three months excited no reaction and were surrounded by a minimum of fibrous tissue. Nevertheless, isotonic saline solutions left in contact with this rubber at room temperature for 72 hours, or autoclaved at 1210 C. in contact with it for 30 minutes (ratio of saline to rubber surface, 1 ml.: 8.4 sq. cm.), were without effect when 0.25 ml. was injected intravenously into mice, or when 1.0 ml. was injected intraperitoneally on three successive days. The same solutions when injected intradermally into a rabbit which had been given pontamine blue intravenously to test for increased capillary permeability also had no effect. Rubber 6819 was negative in all these tests.
It was surprising to find that the original nylon filter was toxic. Surgical sutures are not regarded as toxic and this fact was confirmed by subsequent tissue culture tests on a sample. It was suggested by the manufacturer that the presence of free monomer might be the cause of the toxicity, as the nylon monomer contains highly reactive end-amino groups. The non-toxicity of the monomer-free filters subsequently supplied provides confirmation.
The potential toxicity of some rubbers is now fairly widely recognized, but the potential toxicity of the plastics which are tending to replace rubber for many purposes is not always appreciated. Tissue It is possible that tissue culture tests might show variation in the toxicity of the plastic containers used for storing blood. Some of these have had deleterious effects on the red cells stored in them (Wall, Buckley, and Doan, 1953; Strumia, Colwell, and Ellenberger, 1955) . These tests will probably also be found to be of value in testing batches of the selected variety of plastic (or rubber) before it is used. This would be of particular importance when the exact composition of the material is unknown and possibly subject to variation. Detailed information on the composition of rubbers and plastics is unfortunately not often available for publication, and, in some instances, the manufacturers of an article may themselves not know the exact composition of the compounds supplied to them by the manufacturers of the basic material.
